Decenylsuccinic acid altered permeability to water of epidermal cells of bulb scales of Allium cepa and of the leaf midrib of Rhoeo discolor. Water permeability, as determined by deplasmolysis time measurements, was related to the dose of undissociated decenylsuccinic acid (mX undissociated decenylsuccinic acid X minute). No 
CH3 -(CH2),,-CH = CH -CHs -CH(COOH) -CHa-COOH. Kuiper (9) reported that DSA increased the water permeability of decapitated bean stumps as much as 8-fold. Using similar techniques, Newman and Kramer (14) concluded that increase in permeability of roots treated with DSA was related to root injury. Application of lower, noninjurious concentrations of DSA led to reduced water permeability (14) . Kuiper (10) also reported that DSA-treated bean plants survived frosts of -5 to -10 C; and that apple, pear, and peach blossoms sprayed with DSA survived to -6 or -7 C. He attributed the increased frost resistance to a purported DSA-induced increase in water permeability (10) which could reduce lethal intracellular crystallization. Adverse effects of DSA on cold tolerance of winter wheat were recently reported (4) .
A number of other effects have been attributed to DSA which could be related to permeability of cell membranes. It has been suggested that DSA reduces the temperature dependence of photosynthesis by increasing the water and CO2 permeability of membranes at low temperatures (11) ; that DSA esters prevent stomatal opening and reduce transpiration (28; for failure of beneficial effects of DSA on internal water balance see 7 and 8) ; that DSA inhibits photophosphorylation and triphosphopyridine nucleotide activity (Siegenthaler and Packer, cited in ref. 11); that DSA acts as a metabolic inhibitor (14) and growth retardant (12) ; and that DSA alters the configuration of ATPase in membranes and protects this enzyme from frost denaturation (12) . DSA was also found to decrease exudation from decapitated roots (J. W. O'Leary, personal communication) and to decrease the uptake of "P compounds by roots (4) .
The objective of the present study was to examine the effect of DSA on uniform plant cell material using deplasmolysis time measurements. The influence of DSA on temperature dependence of water permeability and on frost resistance was also briefly examined.
MATERIALS AND METHODS
DSA, supplied by Humphry-Wilkinson, Inc., North Haven, Connecticut was dissolved in water at 40 C. At concentrations above 5.0 mm, a precipitate formed at room temperature. At 1.0 mm the DSA solution was colloidal and translucent and had a low surface tension. At concentrations of 0.5 mm or lower DSA gave a clear solution with a surface tension close to that of pure water (no foaming).
When pH values of the 1.0 mm DSA solutions were adjusted to neutrality with a few drops of NaOH or KOH, the solutions cleared and lost their colloidal appearance. The pK values of DSA were estimated to be 4.5 and 5.7 by titration with a recording Corning Model 12 Negative values of RCD indicate higher water permeability of the treated sample with regard to the control and vice versa. Similar studies were conducted on cells of the abaxial leaf midrib of a single clone of Rhoeo discolor. In a few Rhoeo experiments, the DSA effect on permeability was evaluated at lower than room temperatures (e.g., 10-15 C).
In a single study, six intact Rhoeo plants in a controlled environment chamber each growing in a 15-cm pot containing mixtures of 2 parts soil, 1 part sand, and 1 part peat moss (v/v) were treated daily with 1 mm DSA, pH 7, (200 ml of soil application per pot and foliar spray to run off) for 21 days. Six control plants randomly distributed in the same chamber were treated similarly with distilled water. On the 16th through 21 st days, all plants were subjected to progressively lower freezing temperatures for 3 hr during the dark period. Air temperature was measured at plant height each night during test freezing and frost injury was rated visually on the following day. Figure 1 presents a flow diagram which outlines the deplasmolysis technique used in these studies. The adaxial epidermis from the third bulb scale of Allium and the lower epidermis from the leaf midrib of Rhoeo were collected as previously described (3, 21 18) . In this way the times for 50% and 90% deplasmolysis were determined exactly.
To test for cell viability, the cells were replasmolyzed following deplasmolysis by perfusion of plasmolyticum through the chamber. Injured cells which did not replasmolyze were excluded from the evaluation of deplasmolysis time.
In the temperature dependence studies the perfusion solutions were cooled in a salt-ice water bath and solution temperatures were recorded by thermocouples in the outlet and inlet tubes of the perfusion chamber. The given experimental temperatures were the means of these inlet and outlet temperatures.
RESULTS
Toxicity of DSA Solutions. The relationships between DSA concentration, pH, duration of treatment and toxicity were examined in a series of 33 preliminary tests which are summarized in Table I . Controls which were run in each study are not shown. The controls were exposed to the same concentra- These results are especially noteworthy since previous work was conducted with 1 mm DSA at pH 3.65 (14) or at unspecified pH values (9, 10) . Although species tolerance to DSA probably differs, these findings support Newman and Kramer's (14) contention that injury to roots may account for the DSA effects observed by Kuiper (9 The data of Table I show that a threshold concentration or dose (concentration X time) of the undissociated DSA exists for survival of the cells. This is also illustrated by the smooth graph obtained, when the dose of undissociated DSA is plotted versus survival (Fig. 6, part 1 In order to obtain a quantitative evaluation of the time course of deplasmolysis, eight experiments were conducted in which time-lapse photomicrographs were taken of tissues during deplasmolysis at 5-to 10-sec intervals (see Fig. 2 ). Deplasmolysis frequencies of cells in four of these studies are given in Figure 5 . Each curve is based on observations of about 200 cells. Only cells which were replasmolyzable were counted. Similar cell counts have been previously described for plasmolysis frequency only (15) .
A and B of Figure 5 show the typical decrease in water permeability in healthy Allium and Rhoeo cells induced by DSA at room temperature. The curve for control tissue usually was much steeper than for DSA-treated epidermis, indicating higher uniformity of the control cells. Figure SC shows the similar results which were obtained when the DSA treatment was administered at 0.5 C with subsequent perfusion at 12 to 15 C. Figure SD illustrates (Fig. 6) . Plots of these data against the total or dissociated DSA dose do not reveal such clear-cut relationship. For example, there was little or no DSA toxicity at the highest total DSA ion doses tested in these experiments. Preferential penetration of the undissociated molecule of a dissociable organic compound through the plasmalemma and Newman and Kramer (14) and Kozlowski and Clausen (7, 8) .
Low doses of undissociated DSA generally caused a decrease in permeability of cells to water, whereas high doses increased permeability. This indicates that more than one process may be involved in water permeability changes induced by DSA. Similar reversal of effects is known to occur in the permeability of cells treated with ionizing radiation (25, protoplasm. Concave plasmolysis indicates that DSA may have also increased protoplasmic viscosity. The incomplete deplasmolysis which was sometimes observed in DSA-treated cells may also be attributable to increased protoplasmic viscosity. The swelling of protoplasm which was associated with DSA treatments further suggests that DSA may affect intermolecular bonding in the ground plasm, perhaps by increasing the water binding of macromolecules. This, however, is largely conjectural since the molecular factors which are responsible for determining protoplasmic qualities such as wall attachment or viscosity have not been resolved.
In the present study A llium and Rhoeo cells reacted similarly to DSA treatment although Rhoeo cells were generally more resistant than Allium, and cells from dormant Allium bulbs were more resistant to injury by DSA than cells from growing bulbs. Species differences have been previously observed by Newman and Kramer (14) . The toxicity of DSA and our inability to demonstrate any DSA effect on temperature dependence of permeability or on frost resistance raises questions about conclusions reached in studies in which the pH of DSA treatments was not controlled and where no observations were made on cell viability following treatment. 
